Objective The objective of this study was to examine the effects of educational intervention on joint angles of the trunk and lower extremity and on muscle activities during patient-handling task. Methods Thirty-two subjects (17 males and 15 females) volunteered for the study. They were classified into three groups: intervention group 1, comprised of first grade physical therapist students; control group, which included first grade occupational therapist students; intervention group 2, which comprised third grade physical therapist students. The educational intervention during the experimental period consisted of: (1) 12 regular classes and shortterm clinical practice for the students of intervention group 1; (2) long-term clinical practice, relating to patienthandling task, for the students of intervention group 2. The following experiments were repeated before and after the educational intervention. Each subject was asked to transfer a male (55 kg) from one chair to a second chair (left to right) and then back again to the original chair (right to left). The flexion angles of the trunk, hip and knee joints were quantified by means of the dynamic threedimensional biomechanical analysis. Muscle activities (% maximum voluntary contraction, %MVC) of biceps brachii, trapezius, rectus femoris and erector spinae muscles were measured using surface electromyography (EMG). The effects of group, gender, measurement time and side on joint angles of trunk and lower extremity, %MVC of four muscle activities and transfer time were assessed.
Introduction
Eighty percent of all human beings experience lumbago at some time in their life, a condition fated for the human species since it began to walk with two-legged posture [1] . Various work-related musculoskeletal disorders, including lumbago, are common among individuals working in the medical and nursing care field [2] [3] [4] [5] [6] [7] [8] ; however, little has been reported about the incidence of such disorders among physiotherapists in Japan [9] . Several researchers have pointed out the significance of patient-handling tasks, such as transferring patients, as the cause of lumbago [2, [10] [11] [12] [13] [14] [15] , and a large number of reports on the effect of educational intervention on the prevention of lumbago resulting from patient-handling tasks among nurses and nursing students have been published. Yassi et al. [7] reported that physical load to low back during patient-handling task was reduced by technical and concentrated training as well as by introducing the appropriate supporting equipment for the task [16] . The effectiveness of educational intervention for lumbago prevention among nurses working in hospitals has also been reported [17] [18] [19] . Johnsson et al. [20] observed positive effects of educational intervention on work technique scores and ratings of comfort, safety and exertion among nursing students. Smedley et al. [16] reported that the use of supportive equipment when carrying out patienthandling tasks reduced the risk of low back pain relative to those carried out by manual handling. In contrast, there are some negative reports regarding the effect of educational intervention. In one study, a concentrated educational intervention did not appear to have any significant effect compared with a one-time guidance without practice [21] . Allen et al. [8] also reported that an educational intervention using sufficient techniques did not show any significant difference in physical load with or without supporting equipment. There is no agreement among researchers on the effects of educational intervention and supporting equipment for reducing the physical load of practitioners.
In terms of work-related musculoskeletal disorders among physical therapists in Japan, it has been reported that the body part prone to the highest risk of injury is the low back and that about 70% of physical therapists have such experiences [9] , with biomechanical physical load to the low back during patient-transfer generally pointed out as the cause [9] . Most physical therapists transfer patients manually, either alone or with the help of co-workers; they usually do not use supporting equipment. Therefore, it would seem to be important to reduce the physical load to the low back during patient-handling task. There have been a number of recent studies on the physical load during patient-handling task using a three-dimensional (3D) biomechanical analysis [22] [23] [24] [25] . However, to date, the effect of educational intervention on the physical load to the low back during patient-transfer task has not been assessed by such a 3D system for the analysis. The aim of this study was to examine the effects of educational intervention on the joint angles of the trunk and lower extremity and on muscle activities during a patient-handling task by using 3D biomechanical analyzer and surface electromyography (EMG).
Subjects and methods

Subjects
Thirty-two subjects, who were special school students in the department of physical and occupational therapy, volunteered for the study. None of the subjects had musculoskeletal disorders at the time of the study and had a regular daily exercise regime. They were classified into three groups: (1) intervention group 1, comprised of first grade physical therapist students (six males and seven females); (2) control group, incuding first grade occupational therapist students (six males and four females); (3) intervention group 2, comprising third grade physical therapist students (five males and four females). The physical/demographic characteristics of the intervention and control groups at baseline are shown in Table 1 . The schedule of educational intervention in the school is shown in Fig. 1 .
Educational intervention
Intervention performed during regular classes for the first grade students
The educational intervention was carried out as a part of the regular class curriculum. One of the major aims of these classes is to teach physical therapists the proper method for reducing physical load when carrying out patient-handling tasks, from a biomechanical point of view. The main focus of such classes is providing an understanding of the most effective assistance methods for reducing body loads while transferring a patient. During the educational intervention, attention was given to such aspects as changing the posture of student subject according to the so-called ''first-class lever''. This is the lever of balance, with a subject's knee joint functioning as the fulcrum, their center of gravity as the emphasis and the center of gravity of the transferred person as the action point. Emphasis was given on bending the upper-body of the transferred person forward after the student's knee joints were bent, thereby lowering the position of the center of gravity, and then lifting the transferred person and raising his position from the center of gravity as soon as his buttocks was off from the chair. Following standard teaching procedure, 12 regular classes were provided for physical therapist students. The first half of the intervention course mainly consisted of lectures, including those on biomechanics; the latter half was practical work, including patient-handling tasks, such as wheelchair operation, rolling, sitting on, standing up and transfer activities. There were two classes on tasks related to transferring the patient from a chair to another chair. The teacher in charge of these classes was unaware of this study.
Intervention performed during short-term clinical practice for the first grade students Short-term clinical practice was provided in the form of observation of how the supervisor performed physiotherapy, for 2 weeks in February. This practical work was done to provide the students with an understanding of the physical therapist's work and the role of such work in clinical practice.
Intervention performed at long-term clinical practice for the third grade students
Long-term clinical practice was implemented twice for 9 weeks from May to October for the third grade students. This practice was performed during the final stage of the educational program, to summarize the school education. The method of patient-handling experienced at the practice was similar to the method of this experiment; however, the experience level was different, depending on the severity of symptoms of patients and practice facilities used.
Experimental procedure
Measurement time
The intervention schedule en type of intervention is shown in Fig. 1 . Intervention group 1 (the first grade students at baseline) was assessed three times as follows: before classes pertaining to the intervention (pre-measurement), after the classes (post 1-measurement) and after the shortterm clinical practice (post 2-measurement). The control group (the first grade students at baseline) was also assessed at the same time. Intervention group 2 (the third grade students) was assessed twice as follows: before the long-term clinical practice (pre-measurement) and thereafter (post-measurement). Fig. 1 Schedule of experiments. The term intervention denotes an educational intervention relating to a patient-handling task carried out by students
Patient-transferring task
Prior to the experiments, height, weight, right and left grip forces and back muscle strength of all subjects were measured and their exercise habits checked. The subjects performed stretching exercises as a preparation for the measurement and then they performed a trial involving a patient-transferring task. The subjects were then asked to transfer a 55-kg male from one chair to another-from left right-and then to return him to the original chair (right to left transfer) [26] . The chair was a round type, 40 cm in height, 30 cm in diameter; the distance between the center of the left chair and the center of the right chair was about 70 cm.
Biomechanical measurement
Flexion angles of the trunk, hip and knee joints were quantified by means of the dynamic 3D biomechanical analysis Peak Motus 4.3 system (Peak Performance Technologies, Englewood, CO); infrared markers were fixed on 20 body parts, as shown in Fig. 2 . For this purpose, six infrared cameras were used and the results digitized automatically with the Peak Motus 4.3 system. The angles were evaluated according to the criteria of Japanese Orthopedic Association and Japanese Association of Rehabilitation Medicine as shown in Fig. 3 .
Electromyography measurement
EMG was used to examine the muscle activities of four muscle groups (biceps brachii, trapezius, rectus femoris and erector spinae) during both directions of the patienttransferring task. Pre-gelled Ag/AgCl bipolar surface electrodes were used. After shaving the skin of the student at the point of attachment and cleaning it with alcohol, the electrodes were placed on the skin at the midpoint of the biceps brachii, about 2 cm lateral to the midpoint of the line between the spinous process of the seventh cervical vertebra and the acromion, the midpoint of the line between the anterior superior iliac spine and the patella, and approximately 4 cm outside and 3 cm above of the spinous process of the fifth lumbar vertebra. Before beginning the experiments, maximum voluntary contraction (MVC) of each muscle was measured based on manual muscle testing [27] . Muscle activities during the patienttransferring task were normalized using MVC of each muscle as %MVC.
To record the EMG, we used the Noraxon Myosystem 1200 (Noraxon, Scottsdale, AZ); Noraxon MyoResearch Software (Noraxon) was used for the analysis.
Statistical analysis
The values of the joint angles, %MVC of the muscles and transfer time in both directions were measured. The interval between the time points when the buttocks of the subject left the chair and when they touched the next chair was calculated. Average values of both directions for each measurement were used for analyses. Statistical analyses were performed using multivariate analysis of variance (MANOVA). We examined the effects of group (intervention group or control group), gender (male or female), measurement time (pre-measurement, post 1-measurement or post 2-measurement) and side (right or left) on joint angles of trunk, hip and knee, the %MVC of four muscles and the transfer time in the first grade students. In the third grade students, similar analyses were performed except for the effect of group. Results were considered to be significant at the alpha level of 0.05.
Research ethics
All subjects provided written informed consent, and this study was approved by the Institutional Review Board of Yamaguchi University Hospital (No. H17-44).
Results
Changes in biomechanical variables as a result of the educational intervention in the first grade students Table 2 shows the values of the joint angles, muscle activities and transfer time before and after the intervention in the first grade students and the results of the MANOVA.
Joint angle
The effects of group on the flexion angles of hip and knee joints were statistically significant (p \ 0.001, respectively); the angles of intervention group 1 were larger than those of the control group. The effects of gender on the flexion angles of hip and knee joints were also statistically significant (p = 0.012, \0.001), with those of the male students being larger than those of the female ones. The effects of measurement time on the flexion angles of the hip and knee joints were statistically significant (p = 0.020, 0.008, respectively), with the flexion angles at the post 1-measurement and post 2-measurement being larger than those at the pre-measurement. However, a significant interaction between group and measurement time was observed for the flexion angle of the knee joint (p = 0.047; result not shown).
The trunk flexion angle of intervention group 1 tended to be smaller than that of the control group (p = 0.155), with a tendency for the flexion angles at the post 1-measurement and post 2-measurement to be smaller than that at the premeasurement (p = 0.116), although no significant effect of group, gender or measurement time on the flexion angle of trunk was observed.
Muscle activities
The effect of group on the %MVC of biceps brachii muscles was statistically significant (p = 0.034), with the muscle activity of the intervention group being smaller than that of the control group. The effects of gender and measurement time on the %MVC of biceps brachii muscles were not statistically significant. However, a significant interaction between measurement time and gender was observed for the %MVC of biceps brachii muscles (p = 0.034; result not shown).
The effect of gender on the %MVC of trapezius muscles was statistically significant (p \ 0.001), with the muscle activity of the female student being larger than that of the male student. The effect of side on the %MVC of trapezius muscles was statistically significant (p = 0.015), and the muscle activity of right was larger than that of left.
The effect of group on the %MVC of rectus femoris muscles was not statistically significant (p = 0.085), although the muscle activity of the control group was larger than that of the intervention group. The effect of gender on the %MVC of rectus femoris muscles was statistically significant (p \ 0.001), with muscle activity of the female student being larger than that of the male student. The effect of measurement time on the %MVC of rectus femoris muscles was not statistically significant (p = 0.052), although muscle activity at the post 1-measurement and post 2-measurement was larger than that at the pre-measurement. However, a significant interaction between measurement time and gender was observed for the %MVC of rectus femoris muscles (p = 0.012; result not shown).
The effect of group on the %MVC of erector spinae muscles was statistically significant (p = 0.003), with the muscle activity of the control group being larger than that of the intervention group. The effect of gender on the %MVC of erector spinae muscles was statistically significant (p \ 0.001); the muscle activity of the female was larger than that of the male. However, a significant interaction between group and gender was observed for the %MVC of erector spinae muscles (p = 0.002; result not shown). The effect of measurement time on the %MVC of erector spinae muscles was not statistically significant (p = 0.131), although the muscle activity at the post 1-measurement and post 2-measurement was larger than that at the pre-measurement.
Transfer time
The effect of group on the transfer time was statistically significant (p \ 0.001), with the transfer time of the control group being longer than that of the intervention group. The effect of gender on the transfer time was statistically significant (p = 0.018); the transfer time of the male student was longer than that of the female student. The effect of measurement time on the transfer time was statistically significant (p = 0.001), with the transfer time at the post 1-measurement and post 2-measurement being shorter than that at the pre-measurement. However, a significant interaction between group and gender was observed for transfer time (p = 0.002; result not shown).
Changes in biomechanical variables by educational intervention in the third grade students Table 3 shows the values of joint angles, muscle activities and transfer time before and after intervention in the third grade students, and the results of the MANOVA.
Joint angle
The effects of gender on the flexion angles of the hip and knee joints were not statistically significant (p = 0.092, 0.317), although the flexion angles of hip and knee joints of the male were larger than those of the female. No significant effect of measurement time or side was found for the flexion angles of hip and knee joints. The effect of measurement time on the flexion angle of trunk was statistically significant (p = 0.001); the angle at the post-measurement was smaller than that at the pre-measurement.
Muscle activities
The effect of gender on the %MVC of biceps brachii muscles was not statistically significant (p = 0.059), although the muscle activity of the male students was larger than that of the female students. The effects of measurement time and gender on the %MVC of trapezius muscles were not statistically significant (p = 0.156, 0.059), although the muscle activities at the post-measurement and for the female students were larger than those at the pre-measurement and for the male students. The effect of gender on the %MVC of rectus femoris muscles was not statistically significant (p = 0.095), although the muscle activity of the female students was larger than that of the male students. No significant effects of measurement time, gender or side on the %MVC of erector spinae muscles were observed.
Transfer time
The effect of gender on the transfer time was statistically significant (p = 0.006), with the transfer time of the female being longer than that of the male. The effect of measurement time on the transfer time was not statistically significant (p = 0.390); however, significant interaction between measurement time and gender was observed (p = 0.016; result not shown).
Discussion
The results of this study suggest that an educational intervention may lead to improvements in patient-handling tasks with respect to reducing physical load. Relative to the control group, in the first grade students, the flexion angles of the hip and knee joints were larger and the flexion angle of the trunk was smaller in the intervention group. Furthermore, the flexion angles of the hip and knee joints were larger and the flexion angle of the trunk was smaller at the post-measurement than at the pre-measurement, indicating that the intervention group tended to change their posture to a squat lifting style, which is the posture with large flexion angles of hip and knee joints and extended trunk. In the third grade students, the flexion angles of the hip and knee joints did not change significantly due to the educational intervention; one reason for this result may be that their angles were already large enough at the pre-measurement. However, the smaller flexion angle of the trunk at the post-measurement indicates that the third grade students also tended to change their posture to a squat lifting style. As observed in our study, educational intervention led the student subjects to change to the squat lifting style by applying the ''first-class lever''. Fujimura et al. [28] reported that the muscle activity of the rectus femoris was larger and that of erector spinae was smaller in therapists applying the squat lifting style than in those applying the stoop lifting style; therefore, the physical load of the low back with the squat lifting style was lower than that with the stoop lifting style. As revealed in our study, educational intervention seemed to be effective in changing the posture of our student subjects during patient-handling task.
Muscle activities of the biceps brachii of the intervention group were significantly smaller than those of the control group among the first grade students. This finding suggests that the physical load to the upper extremities was reduced as a consequence of the educational intervention. However, although gender and side were significant factors for the muscle activities of trapezius in the first grade students, they were not statistically significant in the third grade students. The reason for this may be the muscular power difference between the male and the female, which affected the muscle activities of the first grade students. However, the muscle activities of the biceps brachii were not significantly different between the male and the female students. This inconsistency is probably due to the differences in flexion angles of the elbow joints during the patient-handling task between the male and the female students. We speculate that the male students mainly mobilized the muscle biceps brachii while the female students tried to accomplish patient-handling task using the entire upper limbs. As the muscle activities of the biceps brachii were significantly different between the right and left sides, this seemed to result from grasping power differences between the sides (male: 42.3 kg for right and 40.3 kg for left; female: 25.0 kg for right and 24.8 kg for left). The right hand was dominant in most of the subjects. In the third grade students, we guessed that the muscle activities of the upper limbs as well as the joint angles of the lower limbs were reduced even before the intervention as long-term clinical practice. The muscle activities of the rectus femoris did not indicate statistically significant differences among groups, measurement times and sides, but they did indicate significant differences between male and female subjects in the first grade students. We considered the muscle activities of rectus femoris of the male student to have decreased because the muscle strength of the male student was stronger than that of the female student. The muscle activities of the erector spinae of the intervention group were significantly smaller than those of the control group. This finding suggests that there was a suppression of muscle activity by the educational intervention. Keir et al. [29] and Hirabayashi et al. [30] reported that the experienced person performed patient-handling task with smaller muscle activity of erector spinae than did the novice as a result of the former's higher skill level. Our findings of smaller muscle activities of erector spinae correspond well with these conclusions. However, no significant differences among measurement times were observed. There are a number of likely reasons for this-frequency of using these muscles, the short intervention period and the different experiences among students during the clinical practice period. Gender was shown to be a significant factor for the muscle activities of erector spinae. We assumed that, due to difference in the strength of muscular power, the female had mobilized the muscle activities of erector spinae more than those of the male. However, in the third grade students, the gender difference in muscle activities of the erector spinae was lost in the intervention group, probably as an effect of educational intervention.
The transfer time of the intervention group became significantly longer than that of the control group, and there was a significant interaction between group and gender for transfer time in the first grade students. We assumed that the male students in the intervention group were relatively more careful in performing the patient-handling task and, therefore, their transfer time was slower. In contrast, in the third grade students, there was significant difference in transfer time among the genders, and a significant interaction between measurement time and gender were observed. However, the results did not indicate any difference between pre-measurement and post-measurement. These findings reflect that finding that the transfer time of male students at the post-measurement was shorter than that at the pre-measurement; the findings for the female students were the opposite. As the male students had stronger muscular power compared with the female students, the former could effectively perform the task with shorter time after the intervention as a long-term clinical practice course. Thus, the male students could reduce the physical load of manual handling task. On the other hand, to reduce the physical load, the female students with weaker muscular power performed the task carefully with a longer transfer time. Our findings are in agreement with the results of Lindbeck et al. [31] , who also found gender differences in terms of the manual lifting technique for heavy material. These researchers concluded that males and females must be considered separately when evaluating the work technique in manual handling tasks.
There are numerous reports [7, [16] [17] [18] [19] [20] [21] on the effect of educational interventions for preventing lumbago among health care practitioners carrying out patient-handling tasks. However, little information is available on the effect of educational intervention for physical therapists. Moreover, there is also a lack of longitudinal reports based on a biomechanical evaluation. In most prior studies, a questionnaire was used to evaluate musculoskeletal disorders. Also, most of the intervention methods consisted of the introduction of mechanical assistive devices or educational instruction or both; composite methods were mostly used for intervention. However, very few studies have examined the effectiveness of longterm educational intervention by lectures or clinical practical work alone using a longitudinal approach. Therefore, we consider that our results, which show positive effects of an educational intervention on physical load reduction during patient-handling task, as evaluated by the measurement of trunk and lower extremity joint angles and muscle activities, are valuable.
One of the limitations of this study was the small sample size, for which we were not able to adequately explain the gender difference. Secondly, there may be questions regarding the quantitative and qualitative issue of the intervention for the student subjects. The frequency of classes for the students was not adequate and the extent of experience during clinical practice was different among students according to hospitals and facilities visited by them. Another limitation of this study was that no control group was used for intervention group 2 as no suitable control subjects were available. Future studies with a larger sample size are necessary to investigate the effects of gender, intervention period and quality of intervention on physical load reduction during patient-handling tasks.
Conclusion
Our study has demonstrated that flexion angles of the hip and knee joints of student subjects during a patient-handling task became larger and that of the trunk became smaller as a consequence of an educational intervention. This result means that the posture of student subjects changed to the squat lifting method, which is preferable for reducing the physical load to the low back. However, the EMG analysis could not clearly demonstrate any reduction in the physical load to the low back, although the muscle activity of erector spinae tended to decrease and the muscle activity of rectus femoris tended to increase. Further study, including a larger number of subjects together with analyses of the effects of gender, intervention period and quality of intervention, is required to confirm the effects of educational intervention on physical load reduction during patient-handling task.
